###### Strengths and limitations of this study

-   Cross-sectional study without follow-up.

-   Small sample size.

Introduction {#s1}
============

Inflammation plays a critical role in the development and progression of coronary heart disease (CHD), and increased local inflammation may induce plaque rupture, which has been acknowledged as the initial factor in acute coronary syndrome.[@R1] Therefore, finding inflammatory factors that accurately reflect the instability of atherosclerotic plaques has been accepted as an important method for the early prediction of cardiovascular events.[@R2]

Pentraxin 3 (PTX3) and C reactive protein (CRP) are two components of the pentraxin superfamily which are considered to be important inflammatory factors that play critical roles in the progression of atherosclerosis.[@R3] The predictive value of CRP for CHD has already been widely investigated. However, CRP is produced in the liver and is induced by several non-cardiac diseases, so its specificity is still being debated.[@R6] [@R7] In contrast, PTX3 is produced in the cardiac circulation,[@R8] before CRP, in patients with acute coronary syndrome.[@R9] Therefore, PTX3 could be superior to CRP as an inflammatory biomarker for CHD.[@R10]

However, only a few studies have investigated the association between PTX3 or CRP levels and the severity of coronary artery lesions. Two studies in patients with angina have shown that there is a strong correlation between coronary sinus plasma PTX3 concentrations and severity of atherosclerosis.[@R11] [@R12] There is a negative correlation with CT density of plaques, which is not seen with CRP.[@R11] Recent studies found that PTX3 is also expressed in renal tissues,[@R13] and PTX3 is an independent determinant of the severity of coronary artery disease (CAD) in patients with stage 2 and 3 kidney disease.[@R14] So more studies are needed to fully evaluate this relationship in different populations of patients, especially the severity of coronary artery stenosis in patients with renal dysfunction. In the present study, the coronary Gensini score was used to evaluate the severity of coronary artery stenosis in Chinese patients with CHD susceptibility. We undertook a small-scale preliminary study in order to test the value of this method of investigation. The association between the Gensini score and PTX3 or CRP levels was analysed to explore the correlation between the pentraxin superfamily and CHD, especially the correlation with the severity of coronary artery stenosis in patients with chronic kidney dysfunction (CKD). This information will then be used as a basis for larger scale studies involving a detailed investigation of PTX3 in Chinese patients with CAD and CKD.

Materials and methods {#s2}
=====================

Patients {#s2a}
--------

This was a study in consecutive patients with CHD susceptibility who underwent coronary angiography (CAG) and stenting at the Shanghai Chest Hospital affiliated to Shanghai JiaoTong University between October 2013 and November 2013. During this short inclusion period, all eligible patients with stable coronary artery diseases agreed to participate. Patients with one or more of the following features were excluded: (1) complicated with infectious diseases on admission; (2) immune system disease and/or on glucocorticoid therapy; (3) malignant tumour; (4) clinical or CAG data unavailable; and (5) CKD from another cause than CHD, such as patients with nephritis, but not those with diabetes or hypertension; (6) valvular heart disease; (7) had suffered heart failure including previous myocardial infarction (MI) or had undergone percutaneous coronary intervention (PCI); (8) acute coronary syndromes.

Renal dysfunction was diagnosed as patients with a symptom of renal dysfunction and/or a reduced glomerular filtration rate (GFR) (\<60 mL/min/1.73 m^2^) for more than 3 months. Hypertension was defined as systolic blood pressure \>140 mm Hg or diastolic blood pressure \>90 mm Hg on admission, or taking antihypertensive drugs. Diabetes was defined as fasting blood-glucose ≥7.9 mmol/L, or 2 h postprandial blood glucose ≥11.1 mmol/L, or taking hypoglycaemic drugs.

The study protocol was approved by the ethics committee of our hospital, and all participants provided written informed consent.

Procedures of CAG {#s2b}
-----------------

Patients were placed in the supine position and received local anaesthesia with 5--10 mL of lidocaine (2%). The femoral or radial artery was selected for vascular access. The Seldinger technique was performed using a bevelled, hollow needle. A 6 Fr artery sheath catheter was implanted and 2000 IU of unfractionated heparin was injected into the artery. Judkin JL 3.5 (or 4.0) and JL 4.0 angiographic catheters were implanted at the left and right coronaria dextra with the guidance of a 0.035 inch guide wire, and then contrast medium (Iohexol) was injected for CAG.

Plasma collection and process {#s2c}
-----------------------------

During CAG, some arterial blood needed to be drawn when implanting the 6 Fr or 7 Fr artery sheath catheter to ensure the patency of the catheter, and this blood was collected for further examinations. After collection, the blood was mixed in a vacuum tube with precooled EDTA and aprotinin. Plasma was collected by centrifugation at 4°C, 3000 rpm for 15 min and was stored at −70°C.

Quantitative evaluation of the severity of coronary artery stenosis {#s2d}
-------------------------------------------------------------------

CAG was performed by experienced cardiologists. Coronary artery lesions were evaluated in the left anterior oblique, right anterior oblique and head-feet axes to assess stenosis severity of the right coronary artery, left main coronary artery, left anterior descending branch (LAD) and left circumflex (LCX) branch. The evaluation was performed according to the standard criterion for evaluating coronary artery stenosis recommended by the American Heart Association (AHA)[@R15] [@R16] and by the same clinician to avoid subjective errors. According to the degree of stenosis, the stenosis of the coronary artery was classified as ≤25%, 50%, 75%, 90%, 99% or 100% (complete occlusion). The severity of each blood vessel stenosis was quantitatively evaluated by the Gensini scoring system.[@R17] In brief, 0 indicates no abnormality, 1 indicates stenosis ≤25%, 2 indicates stenosis ≤50%, 4 indicates stenosis ≤75%, 8 indicates stenosis ≤90%, 16 indicates stenosis ≤99%, and 32 indicates stenosis of 100%. Evaluation of each coronary branch was also performed as the scores multiplied by 5 for the left main coronary artery, by 2.5 for the proximal LAD, by 1.5 for the middle LAD, by 1 for the distal LAD, by 1 for the first diagonal branch (DIAG), by 0.5 for the second DIAG, by 2.5 for the proximal LCX, by 1 for the distal LCX and posterior descending branch, and by 0.5 for the posterior branch; while for the right coronary artery it was performed as the scores multiplied by 1 for the proximal, middle and distal RAD and posterior descending branch, and by 0.5 for the posterior branch. The total score of each patient was calculated by adding the scores of each branch. The patients were then divided into three groups according to the total score (0--45, 46--90 and \>90).

Glomerular filtration rate {#s2e}
--------------------------

GFR was calculated according to the modified MDRD formula: estimated glomerular filtration rate (eGFR) (mL/min/1.73 m^2^)=175×(plasma creatinine)−1.234×(age)−0.179×(female×0.79). This was modified for a Chinese population according to a previous method.[@R18]

Plasma PTX3 and CRP levels {#s2f}
--------------------------

Serum levels of PTX3 and CRP were measured using ELISA kits. hPTX3/TSG-14 and human CRP Quantikine ELISA kits (R&D Systems, China Co. Ltd., Shanghai, PRC).

Statistical analysis {#s2g}
--------------------

Continuous data with a normal distribution are presented as means and SDs, while continuous data with a non-normal distribution are presented as medians and IQRs. Student t test or t test was used for the comparison of normally distributed continuous data with equal variances. The Wilcoxon rank-sum test was used for the analysis of continuous data with a non-normal distribution or with unequal variances. One-way analysis of variance was used for the analysis of continuous data with a normal distribution and equal variances between three or more groups, and the Kruskal-Wallis test was used for the comparison of continuous data with a non-normal distribution or with unequal variances among three or more groups. Pearson linear regression was used to analyse correlations. Stepwise multiple linear regression with an inclusion and exclusion level of 0.05 was used to identify factors associated with the Gensini score. All statistical analyses were performed using SPSS V.19.0 (IBM, Armonk, New York, USA). p Values \<0.05 were considered statistically significant.

Results {#s3}
=======

Patient characteristics {#s3a}
-----------------------

[Table 1](#BMJOPEN2014007123TB1){ref-type="table"} presents patient characteristics according to the Gensini score. All three groups were comparable for gender, age, weight, hypertension, diabetes, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, creatinine and eGFR (all p\>0.05). As the patients were recently diagnosed, they were not on any medication for treatment of their stable CAD during the study period.

###### 

Characteristics of patients according to the Gensini score

                             Gensini score                                         
  -------------------------- ---------------- ----------------- ------------------ ---------
  Number (male)              9 (4)            21 (18)           30 (23)            
  Mean age (years)           72.0±8.5         70.1±10.6         68.3±12.3          0.70
  Weight (kg)                67.1±6.3         66.4±8.8          64.3±9.8           0.59
  Hypertension               7                15                16                 0.26
  Diabetes                   2                4                 10                 0.50
  HDL-cholesterol (mmol/L)   1.3±0.4          1.4±0.4           1.4±0.3            0.86
  LDL-cholesterol (mmol/L)   2.9±0.4          3.0±0.6           2.8±0.6            0.68
  Creatinine (µmol/L)        67.4±28.2        79.9±36.0         82.4±43.2          0.60
  eGFR (mL/min/1.73 m^2^)    84.7±27.0        82.7±42.6         81.5±38.0          0.95
  PTX3 (μg/L)                4.8±0.8          6.7±1.2           7.7±2.0            \<0.001
  CRP (mg/L)                 4.0 (2.0, 7.5)   8.0 (3.0, 15.0)   12.5(8.75, 19.0)   0.002

CRP, C reactive protein; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PTX3, pentraxins 3.

Association between PTX3, CRP and the Gensini score {#s3b}
---------------------------------------------------

Increasing the Gensini score was associated with increasing levels of PTX3 (0--45:4.8±0.8, 46--90:6.7±1.2, \>90:7.7±2.0, p\<0.001) and CRP (0--45:4.0 (2.0--7.5), 46--90:8.0 (3.0--15.0), \>90:12.5 (8.75--19.0), p=0.002) ([table 1](#BMJOPEN2014007123TB1){ref-type="table"}).

The PTX3 level was associated with the Gensini score of the patients (r=0.513, p\<0.001) ([figure 1](#BMJOPEN2014007123F1){ref-type="fig"}). The CRP level was weakly associated with the Gensini score of the patients (r=0.261, p=0.044) ([figure 2](#BMJOPEN2014007123F2){ref-type="fig"}).

![Correlation between the pentraxins 3 (PTX3) level and the Gensini score.](bmjopen2014007123f01){#BMJOPEN2014007123F1}

![Correlation between the C reactive protein (CRP) level and the Gensini score.](bmjopen2014007123f02){#BMJOPEN2014007123F2}

Stepwise multiple linear regression analysis showed that only PTX3 levels were independently associated with the Gensini score ([table 2](#BMJOPEN2014007123TB2){ref-type="table"}).

###### 

Stepwise multiple linear regression of clinical characteristics and the Gensini score in all patients

                       r        p Value
  -------------------- -------- ---------
  Age                  −0.174   0.863
  BMI                  −1.776   0.082
  With complications   −0.202   0.380
  eGFR                 0.706    0.483
  PTX3                 4.659    0.001
  CRP                  1.299    0.200

BMI, body mass index; CRP, C reactive protein; eGFR, estimated glomerular filtration rate; PTX3, pentraxins 3.

Association between the PTX3 or CRP level and the Gensini score in patients with CKD {#s3c}
------------------------------------------------------------------------------------

[Table 3](#BMJOPEN2014007123TB3){ref-type="table"} shows that all three Gensini score groups were comparable for all studied variables.

###### 

Characteristics of patients with renal dysfunction according to the Gensini scores

                             Gensini score                              
  -------------------------- --------------- ------------ ------------- ------
  Cases (male)               2 (0)           8 (7)        11 (8)        
  Age (mean±SD)              71.5±6.4        68.3±13.2    75.7±12.4     0.45
  Weight (mean±SD)           70.5±7.7        60.9±6.6     63.9±10.9     0.42
  Hypertension               2               6            8             0.70
  Diabetes                   0               1            4             0.34
  HDL-cholesterol (mmol/L)   1.6±0.6         1.6±0.5      1.4±0.3       0.72
  LDL-cholesterol (mmol/L)   2.8±0.4         2.8±0.8      2.5±0.5       0.94
  Creatinine (µmol/L)        113.5±2.1       108.5±36.0   122.82±46.2   0.76
  eGFR (mL/min/1.73 m^2^)    44.5±9.8        50.2±8.1     42.8±15.1     0.46
  PTX3                       5.2±1.4         7.1±1.2      8.1±2.0       0.09
  CRP                        7.0±1.4         18.5±27.4    17.1±11.1     0.74

CRP, C reactive protein; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; PTX3, pentraxins 3.

Stepwise multiple linear regression showed that only PTX3 was an independent predictor in patients with CKD (eGFR \<60 mL/min·1.73 m^2^) ([table 4](#BMJOPEN2014007123TB4){ref-type="table"}).

###### 

Stepwise multiple linear regression of clinical characteristics and the Gensini score in patients with renal dysfunction

                       r        p Value
  -------------------- -------- ---------
  Age                  1.193    0.251
  BMI                  −1.129   0.277
  With complications   −0.291   0.775
  PTX3                 2.665    0.018
  CRP                  −0.216   0.832

BMI, body mass index; CRP, C reactive protein; PTX3, pentraxins 3.

Discussion {#s4}
==========

The aim of this study was to investigate the associations between plasma levels of PTX3 and CRP and the severity of coronary artery lesions and also their particular associations in the subgroup of patients with renal dysfunction. Our results showed that there was a linear relationship between PTX3 and the Gensini score. PTX3 levels were significantly higher in patients with Gensini scores \>90 compared with patients with scores 45--90 or \<45. PTX3 levels were also significantly associated with the Gensini score in patients with CKD; however, no significant association was found for CRP. These results suggest that PTX3 may be a valuable marker for severity of CAD.

To the best of our knowledge, this is the first study in a Chinese population to use the Gensini score system to evaluate the severity of CAD. However, other studies have also shown that PTX3 has the potential to be a more specific marker for the severity of CAD, as measured by the Gensini score, than CRP.[@R11] [@R12] [@R14] One of those studies concentrated on patients with stage 2 and 3 kidney disease.[@R14] So our study is in agreement with the previous research. PTX3 is expressed in atherosclerotic plaques, mainly in macrophages and neutrophils, suggesting that PTX3 may be involved in the progression of atherosclerotic plaque.[@R19] In one study, it was found that PTX3 may be an indicator of coronary plaque vulnerability.[@R11] If this is the case, PTX3 has the potential to be a valuable tool not only in predicting severity of CAD but also in the prognosis of patients with CAD, as this is the first step in the process of acute coronary syndrome.[@R1]

In patients with acute coronary syndrome, chronic heart failure or those undergoing coronary stenting, plasma PTX3 levels may be higher than CRP levels,[@R9] and thus could be used as an early biomarker for risk analysis.[@R20] PTX3 levels peak at about 7 h after acute MI, which is substantially earlier than CRP, and thus PTX3 could be a better independent predictor of CHD than CRP.[@R20] PTX3 could also be used as a predictor for restenosis following coronary artery bypass graft and circulatory failure.[@R21] For patients with ST-elevation MI (STEMI), a PTX3 \>10.73 ng/mL could predict 3-month overall mortality after adjusting for other major risk factors including CRP.[@R22] In patients with non-STEMI, PTX3 and B-natriuretic peptide (BNP) are independent predictors for cardiovascular events.[@R23] In addition, PTX3 is involved in the pathogenesis of vascular damage.[@R19] Norata *et al*[@R24] showed that PTX3 was a protective factor in patients with acute MI, especially in the reperfusion phase.

As an acute phase protein, CRP induces the expression of endothelial cell adhesion molecule-1, vascular cell adhesion molecule-1 and monocyte chemoattractant protein-1.[@R25] CRP is closely associated with the severity of atherosclerosis,[@R3] which was in accordance with this study. The structure of PTX3 is similar to that of CRP.[@R26] However, while CRP is mainly produced in the liver and can be induced by several non-specific diseases, PTX3 is produced in the cardiac circulation.[@R8] On the other hand, PTX3 has a relatively long half-life and is more easily detected than CRP. In addition, PTX3 is less influenced by total cholesterol, high-density lipoprotein, haemoglobin, smoking, obesity or gender.[@R27]

The results of this study showed that PTX3 was highly expressed with increasing seriousness of atherosclerotic cardiac artery occlusion. In a study by Chen *et al*,[@R13] PTX3 expression increased significantly in mice with acute renal damage. However, the association between PTX3 or CRP and patients with decreased eGFR is still unclear. In this study, we further investigated the association between the pentraxin superfamily and the severity of coronary artery stenosis in patients with CKD. Results showed that PTX3 was associated with the Gensini score in patients with decreased eGFR, while no such association was found for CRP, suggesting that PTX3 is correlated with the severity of coronary artery stenosis in patients with CKD, and that PTX3 could be a better predictor for the progression of coronary arterial lesions than CRP in patients with CKD. These results are in agreement with the study of Kanbay *et al*.[@R14]

This study is not without limitations. First, it was a cross-sectional study, and no follow-up analysis was performed. Second, the sample size was relatively small; this meant that the subgroups were even smaller, so the co-founders for multivariate analysis would be numerous. The statistical analysis should therefore be repeated in larger studies. In addition, further investigations could also be performed to evaluate the value of PTX3 in the risk evaluation of patients with CHD with renal dysfunction, as well as the predictive value of PTX3 for cardiorenal syndrome. We investigated PTX3 as a marker of severity of CHD but, importantly for prognosis, PTX3 has shown potential as a specific indicator for coronary plaque vulnerability;[@R11] unfortunately, we did not have CT images for all of the patients in this study, so future studies should investigate the association of PTX3 and plaque instability in patients with CHD and renal dysfunction.

In conclusion, in this small-scale study, PTX3 was correlated with the Gensini score. In patients with CKD, PTX3 but not CRP was associated with the Gensini score, suggesting that PTX3 could be a more valuable predictor for the risk of CHD in patients with renal dysfunction than CRP. We intend to undertake further studies in larger populations to investigate whether PTX3 is as valuable as BNP in clinical practice; this will involve more detailed examinations including CT images.
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